Introduction
It is over 60 years since Damashek described the links between high blood counts and potential disease phenotypes [1] as myeloproliferative diseases. These have been defined and classifications refined with the most recent version from the World Health Organisation (WHO) published very recently [2] . This provides diagnostic criteria for the three main types of myeloproliferative neoplasms (MPN), polycythemia vera (PV, essential thrombocythemia (ET) and myelofibrosis (MF) which can be primary or secondary to PV or ET.
The MPNs are acquired clonal disorders. Mutations in the genes JAK2, MPL or CALR are commonly found and indicate the presence of an acquired clone [3] [4] [5] . In these disorders, the pathway downstream of the mutated protein is upregulated and this activated cytokine pathway can lead to symptomatology.
Patients with MPN have increased complications. High blood counts are associated with thromboembolic and haemorrhagic events. Special situations such as pregnancy or surgery are therefore of increased risk and need to be managed. The diseases and their treatments can lead to cytopenias particularly anemia which may require specific management.
Symptoms and complications associated with the MPNs and available management options will be discussed.
Symptoms in MPN
The disease burden in MPN leads to a variety of symptoms which can be very troubling to patients and can lead to premature mortality. The need to document and measure symptom burden in these patients both in trials and in evaluating patient responses in general has led to the development of a number of tools to evaluate symptoms. The Myelofibrosis Symptom Assessment Form (MF-SAF) is a 20-item scoring system designed and validated to measure symptoms in myelofibrosis [6] . This was then expanded to capture symptoms in ET, PV and MF in the Myeloproliferative Symptom Assessment Form (MPN-SAF) which was useful in evaluating the symptom burden in the various disease types and has been validated in a number of languages [7] . This was consolidated as a 10item questionnaire which can be rapidly administered in a clinical environment, the MPN-SAF Total Symptom Score (TSS) [8] .
Of note in symptom assessment, the MPN-SAF was administered in the MOSAICC (Myeloproliferative Neoplasms: An in -depth Case-Control) study to both patients with ET, PV and MF and population controls. MPN patients had significantly higher scores than the controls for 25 out of the 26 symptoms measures indicating that quality of life was significantly worse in MPN patients compared to controls [9] .
A wide variety of symptoms have been reported and assessed using these and other instruments. Self-reporting in large cohorts of patients also record a variety of symptoms with fatigue the most common followed by pruritus, night sweats, bone pain, fever and weight loss [10] . Some of the most burdensome and prevalent are discussed further with any suggestions for management.
Fatigue
Patients with a variety of disorders often complain bitterly of fatigue which is profoundly difficult for physicians to evaluate. However, it is the most common self-reported symptom in patients with MPNs [10] . The fatigue is reported to have a major influence on quality of life and ability to carry out the daily activities of living. Whilst anemia may be a contributory factor, it certainly does not explain the fatigue in many MPN patients who manifest it in early stages before there are any cytopenias. As with many of the symptoms in MPN the cytokine storm due to activation of the JAK/ STAT pathway may be a factor. Deconditioning, where the fatigued patient restricts their activity may also worsen the situation.
Specific treatments for the MPN may help by interfering with the dysregulated JAK/STAT pathway. Otherwise there is ongoing debate as to whether graded controlled exercise helps the situation and protects the patient. Some find this helpful while other patients have advocated that vigorous training as beneficial. A recent small study of a 12 week intervention with Yoga showed improvement in symptoms including fatigue [11] so possibilities for non-pharmacological intervention in fatigue may be considered
Pruritus
Pruritus is a prevalent symptom in many MPNs. It can be extremely disabling, interfering with sleep and has led to suicidal intent in some cases. Severe aquagenic pruritus can be a major factor which interferes with many activities of daily living. This, almost pathognomonic symptom of MPN, has a poorly understood aetiology. Increased histamine and its release has long been thought to be associated [12] . Basophils have been found to be increased, hypersensitive, constitutively activated associated particularly in those with a JAK2 clone as part of an activated JAK/STAT pathway [13] . Histamine release and the activated basophils are thought to contribute to the aetiology of the pruritus.
Empirical therapies have been tried for this very disabling problem. Antihistamines are a logical choice and there are early reports of relief of symptoms with cyproheptadine [12] . The availability of histamine H2 receptor antagonists, allowed them to be assessed and they were found to led to improvements in pruritus in 44% of patients on cimetidine in a study [14] . Reports of idiopathic pruritus improving with selective serotonin reuptake inhibitors (SSRI) led to a small trial of treatment of 5 patients with paroxetine. All experienced prompt and marked improvement of symptoms so this is another therapy worthy of consideration [15] . Further reports in small series of patients report very rapid and favourable responses to SSRIs [16] .
There are reports of phototherapy as effective therapy in controlling PV associated pruritus [17, 18] . Oral psoralen phototherapy (PUVA) was found to be effective in a series of 5 patients with aquagenic pruritus including those with PV but relapse occurred weeks after discontinuation of therapy [19] . Broadband ultraviolet (UV) B phototherapy has been reported as being efficacious [20] . Narrowband UVB was also shown to be effective in the treatment of aquagenic pruritus in a series of 10 patients. Complete remissions occurred within 2 to 10 weeks of treatment in 8 of 10 patients [21] .
Thus, there are a number of empirical therapies which have been reported to be effective for pruritus in small numbers of patients. The other approach to pruritus is the effect of specific therapies used for cytoreduction. Interferon alfa has been reported in some series to improve intractable pruritus [22, 23] . Treatment with other cytoreductive therapies produce very variable and inconsistent responses.
The JAK/STAT pathway inhibitor ruxolitinib was first introduced for the treatment of the MPN myelofibrosis and, as well as other effects, major responses in pruritus are seen. Over 50 % of patients had an improvement of 50% or more in symptoms like pruritus [24] . This was also seen when this drug was used in trials in PV with major improvements in pruritus measured in addition by specific pruritus symptom impact scale while on the drug [25] . These major and life changing improvements in pruritus symptomatology is a common observation in clinical practice using JAK inhibitors. This is thought to be due to inactivation of cytokines in the constitutively activated JAK/STAT pathway.
Constitutional symptoms and other symptoms
There are a number of other symptoms which have been measured and are specifically associated with some or all of the MPNs. In MF in particular there is a hypercatabolic state so that patients describe that they are eating well but lose weight. The hypercatabolic state may contribute to symptoms such as fevers and night sweats. Some also have a lot of abdominal problems.
Splenomegaly can cause major symptomatology in patients particularly with lead to feeling of fullness and early satiety. Splenic infarcts can lead to abdominal pain.
MPNs cause and contribute to vascular events. Microvascular pathology can lead to a variety of related symptoms such as headaches, concentration problems, dizziness and sexual-related complaints [26] .
Symptom management options
There are no particular treatments for any of the other symptoms. However, cytoreductive treatments in reducing the blood counts and perhaps reducing spleen size in those with splenomegaly may improve symptoms. Interferon has been described as helping particularly pruritus [23] but it may improve other symptoms. However, it can be poorly tolerated and thus cause more symptoms. Hydroxycarbamide/hydroxyurea (HU) will reduce splenomegaly and blood counts and may bring about some improvements in wellbeing although frequently patients continue to complain of tiredness and other problems despite improvement in blood parameters.
The JAK inhibitors particularly ruxolitinib which is now first line treatment for PMF and second line for PV have been shown to be particularly efficacious in reducing the spleen size and reducing symptoms and bring about improvement in the overall patient condition. This have been a major advance in the management of patients with MPN [24, 25] .
Prior to JAK/STAT inhibitors splenectomy could be considered for particularly troublesome splenomegaly either because of size and pain or in those where cytopenias particularly with high transfusion requirements was an issue. There was some consideration that splenectomy might be associated with blast transformation [27] , however it may still be a possible therapeutic option for those with spleen related mechanical symptoms refractory to ruxolitinib [28] . Splenic irradiation has also been used as a palliative measure in those with a troublesome spleen. Effects are transient and worsening cytopenia may be an issue but it is something to consider [29] .
Thromboembolic complications
Both arterial and venous thromboembolic events are common complications of each of the myeloproliferative neoplasms. They contribute significantly to morbidity associated with the disorders and are estimated to contribute to around 40% of mortality [30, 31] . Treatment and prevention of these common complications form a key part of good quality care.
Thrombosis in Polycythemia Vera
Despite being a recognised disease entity for a significant time, the exact natural history is poorly defined and most major observational studies are confounded by varying treatment modalities. One observational study of 1213 PV patients showed a rate of fatal or non-fatal thrombosis of approximately 40% either before presentation, at presentation or during follow-up. The Incidence of thrombosis was 3.4% per year [30] . A more recent retrospective cohort of 1545 patients with PV recorded pre-diagnosis arterial and venous thrombotic events in 16% and 7.4% of the cohort respectively. A significant association with arterial events during follow-up was demonstrated between hypertension and prior arterial thrombus whilst a prior venous thrombosis was significantly associated with a further venous event [32] .
The observational arm of the European Collaboration of Low dose Aspirin in Polycythemia (ECLAP) trial followed 1638 patients for a mean duration of 2.7 years. Of these patients, 36% had a prior history of thrombosis at or before diagnosis with a high proportion occurring in the 2 years prior to diagnosis [31, 33] . This points to a latent period of the MPN during which the thrombotic risk is increased prior to the full phenotypic presentation becoming evident. During follow-up 205 further thrombotic events were recorded in 169 patients with approximately 70% arterial events. Only 40% of these events were first time thrombotic events. Older age and prior history of thrombosis were identified as the key predictors of arterial or venous thrombosis [31, 33] . It was observed that a history of myocardial infarction of cerebrovascular event predicted recurrence of the same whilst prior venous thrombosis was associated with further venous events without increasing the risk for arterial events. Increased haematocrit (Hct) and platelet count were not associated with thrombotic risk but a total leucocytosis of greater than 15 x 10 9 /L was associated. Hypertension showed a mild non-significant association whilst smoking was strongly associated with risk of thrombosis. [31] The overall risk of cardiovascular mortality was 1.4 times that of appropriate age and sex matched individuals at that time [33] .
Thrombosis in Essential Thrombocythemia
In ET, the risk of thrombotic events is lower than is seen in PV. The PT-1 trial which compared anagrelide and aspirin against HU and aspirin demonstrated an overall rate of arterial and venous thrombosis of approximately 13% and 8% in each arm respectively during a median follow-up of 39 months [34] . The genetic landscape is also more varied with regards to driver mutations. JAK2V617F mutations present in around 50% of ET patients have been clearly shown to be an independent risk factor for thrombosis [35] and in some data sets JAK2 mutated ET has the same risk of thromboisis as PV [36] Despite the higher platelet count seen in CALR positive ET, the presence of this mutation confers a lower risk of thrombosis [37] .
The relative scarcity of the MPL mutation, occurring in approximately 3 -15% of ET patients results in few patients with this genetic background having thrombotic events. The PT-1 trial did not identify MPL mutation as a risk factor for thrombosis. [38] This suggests that the mutated JAK2V617F plays a significant role in the pathogenesis of thrombus formation.
Thrombosis in Myelofibrosis
The rate of thrombotic events in MF is less well established due to a higher rate of competing complications such as cytopenias, infection and leukemia transformation which contribute significantly to mortality and morbidity. There is also some phenotypic variation depending on whether the aetiology is primary or a secondary transformation from PV or ET. A recent analysis has suggested that the rate of thromboembolic events is similar to that seen in ET and lower than that seen in PV. Similar to ET, there is also a demonstrated higher rate of thrombosis in the presence of JAK2V617F mutation in comparison to patients with a CALR, MPL mutation or "triple negative" genotype. [39] The benefit in thrombosis risk in triple negative PMF is offset by the higher risk of leukemic transformation in this group.
The recently defined early/prefibrotic myelofibrosis which is differentiated from ET and overt PMF on the basis of bone marrow biopsy findings appears to have a higher rate of thrombosis compared to ET highlighting the importance of the bone marrow biopsy as part of the diagnostic work-up. [40] In clinical practice PV and ET patients are classified as high risk of thrombosis on the basis of the presence of one or both of age greater than 60 years and/or history of previous thrombosis. [41, 42] 
Venous Thrombosis in Unusual Sites
It has also become evident that MPNs are associated with venous thrombosis at unusual sites. Splanchnic vein thrombosis (SVT) describes a heterogeneous group of thrombotic pathology occurring within the hepatic veins (Budd Chiari Syndrome) (BCS), portal vein, splenic vein, mesenteric vein or combination of the above. There is a strong proven association between SVT and underlying MPN as a causal factor. In a meta-analysis it was demonstrated that 40.9% of SVT and 41.1% of BCS have an underlying MPN. They also demonstrated 41.1% of PVT and 27.7% of BCS patients have the JAK2V617F mutation. [43] CALR mutations have also been demonstrated in small numbers of JAK2V617F negative SVT patients with MPN. [44,] Therefore SVT is widely considered a presenting complication of MPN disease. The prevalence of MPN in SVT is significantly higher than in any other venous thrombosis.
The consensus in the published guidelines has agreed that individuals presenting with an unexplained SVT should undergo a diagnostic workup for an underlying MPN [45] . These patients often do not display the classical phenotypic blood counts expected in MPN. Therefore, the absence of polycythemia, leucocytosis or thrombocytosis should not exclude appropriate testing in SVT where there is no local provoking factor. The lack of these characteristic findings may be due to hypersplenism, variceal bleeding and/or associated iron deficiency. Given this phenotypic diversity many of the patients do not fit neatly into one classification of MPN but rather are diagnosed with an MPN unclassifiable.
It has been suggested that a small number of JAK2V617F negative patients may develop positivity over subsequent months following SVT. These patients appear to fall into a higher risk group for thrombotic complications. [46] A positive MPN diagnosis has been suggested as an independent risk factor for mortality following SVT [47] . Although unlikely to play any role in the clinical setting the presence of the JAK2 46/1 haplotype has been described to confer susceptibility to JAK2V617F positive MPNs presenting with SVT [48] .
Mechanisms of Thromboembolism
There is a multi-factorial disruption of normal hemostatic mechanisms which produce a procoagulant state in MPN. Contributing to this is an abnormal interplay between erythrocytes, leucocytes, platelets, endothelial cells and plasma proteins alongside the quantitative effect of increased cell number and a qualitative effect of abnormal clonal cell membrane proteins and interactions.
In PV the effect of increased Hct results in an increased plasma viscosity. This distorts the flow characteristics of the blood, a key feature of Virchow's triad resulting in a higher rate of thrombosis particularly in low shear venous beds. The increased red cell mass may displace platelets towards endothelial cells causing an increased rate of interaction and activation. Leucocytosis has been identified in both ECLAP and CYTO-PV studies as a significant risk factor for thrombosis in PV. [31, 49] Leucocytosis has also been consistently identified in ET as a risk factor for thrombosis in multi-centre trials [50, 51] . The IPSET prognostic scoring system a leucocytocyte count greater than 11 x 10 9 /l as a part of the predicitve model [52] .
Changes to the cells themselves may be of even greater significance than simply an increased number of cells. PV red cells show an increase in binding to endothelial laminin as a result of an JAK2V617F driven activation of Lu/BCAM [53] . Platelets and leucocytes show phenotypic changes associated with activation. Demonstrating increased thromboxane A2 metabolites, a key feature of platelet activation, in the urine of MPN patients was part of the basis for the ECLAP trial assessing the effect of aspirin in reducing thrombosis risk [54] . Increased levels of platelet activation products in the plasma have also been demonstrated [55] .
Expression of P-Selectin and Tissue Factor on platelets and leukocyte CD11b expression is higher in MPN patients. The presence of JAK2V617F mutation is associated with a higher extent of platelet activation [56] Activated leucocytes and platelets have key interactions and higher levels of leucocyte platelet aggregates are present in MPN patients [57] .
The increased rate of thrombosis in JAK2V617F positive ET and PMF patients in comparison to patients with an alternative driver mutation suggests a direct role of the JAK2V617F mutation in the pathophysiology of thrombus. Although 95% of PV patients harbour the JAK2V617F mutation, there is a variation in the allele burden present. There is conflicting evidence to support an association between higher allele burden and thrombosis risk [39] .
Systemic inflammatory conditions exhibit a higher rate of thrombosis. In MPN there is increased secretion of pro-inflammatory cytokines including IL-1, IL-2, IL-8, TNF- and IFN- and reduced secretion of inhibitory cytokines including IL-4 and IL-10. There is also a positive association with higher levels of growth factor production including granulocyte-macrophage colony-stimulating factor (GM-CSF), platelet-derived growth factor (PDGF) and vascular endothelial growth factor (VGEF) evident in MPN [58] . In the general population there is an association between increasing Creactive protein (CRP) and cardiovascular risk. Indeed the use of monoclonal antibody therapy targeted against IL-1 cytokine reduced risk in the general population [59] . In MPN, a recent study of 244 patients with ET and PV showed a higher risk of thrombosis positively correlated with higher plasma high sensitivity CRP and pentraxin-3 (PTX-3) levels [60] . Exploring the role of inflammation modification in MPN may yield potential new therapeutic options.
The role of traditional cardiovascular risk factors must also be also be reviewed. More recent cohort studies of PV patients have shown lower rates of thrombosis in comparison to the initial ECLAP trial. It is notable that in each case the management of modifiable cardiovascular risk factors has been more aggressive [61] . The IPSET-Thrombosis prognostic scoring system identified cardiovascular risk factors (hypertension, smoking and diabetes) as independent predictors of thrombosis in ET [35] .(See Table) The influence of clones in atherosclerosis has recently been been noted where clonal hematopoiesis of indeterminate origin (CHIP) which include clones with mutations in TET2 and JAK2 were associated with a 1.9 times as great a risk onf coronary artery disease compared to those without clones [62] .
Management of thrombosis
From the perspective of the clinician it is therefore key to institute therapy with the goal of preventing initial or recurrent thrombotic events in MPN. Treatments have been guided by a number of large multi-centre randomized control trials undertaken over the last two decades. The strategies available to the clinician include the use of anti-platelet drugs, cytoreduction by venesection or pharmacological means, targeted JAK2 inhibition, anticoagulation and modification of existing cardiovascular risk factors.
Antiplatelet agents
The ECLAP trial recruited 518 patients with PV to a randomized, double blinded, placebo controlled study, examining the role of aspirin in the prevention of thrombosis. Multi-variate analysis which adjusted for smoking and additional cardiovascular risk factors confirmed a significant reduction in the combined primary end points of fatal and non-fatal arterial and venous thrombosis. This was reported as a relative risk reduction of 60% for non-fatal myocardial infarction, non-fatal stroke, pulmonary embolus, major venous thrombosis or death from cardiovascular cause [54] . Therefore, where there is no contraindication to aspirin therapy this should be initiated in PV patients. Current guidance would suggest that this applies to patients in both the high and low risk groups. [41,, 63] Where aspirin is contra-indicated it may be reasonable to consider the use of an alternative antiplatelet agent.
There is little high quality evidence for the risk versus benefits of anti-platelet therapy in ET. Systematic review evaluated the modest risk reduction of thrombosis risk with anti-platelet therapy with significant bleeding risk [64] .The role for aspirin in the management of ET has been inferred from the ECLAP study in PV. Aspirin has been clearly demonstrated to show a reduction in the rate of thrombosis in JAK2V617F positive ET patients. However, aspirin did not reduce the risk of thrombosis in low risk CALR positive patients but led to an increased bleed risk [65] . Therefore, it is reasonable to consider the omission of aspirin in JAK2V617F negative low risk ET patients without any additional cardiovascular risk factors. As discussed below, extreme thrombocytosis is an independent risk for haemorrhage and therefore aspirin use when the platelet count is greater than 1500 x 10 9 /L should be generally be avoided.
Cytoreduction
Hct control in PV was examined in the CYTO-PV study. A total of 326 adults were recruited with a target Hct of less than 45% for one arm and a target of 45 -50% for the other. Venesection, the use of HU or both were acceptable for Hct reduction. All patients received low dose aspirin. The primary end point of time to death from cardiovascular cause or major thrombosis showed a significant benefit from tighter Hct control, reducing the rate from 4.4 to 1.1 events per 100 person years with a target of less than 45%. Total cardiovascular events were also significantly reduced in the lower Hct arm and no statistically significant difference in bleeding was noted [66] .
Venesection is a useful first line therapy with which Hct control can be achieved. Current guidelines recommend its use in both low and high risk patients with a target Hct of less than 45%. Cytoreductive agents should be reserved for those in the high risk category. The European Leukemia Net guidelines in 2011 recommended the use of HU or IFN- as first line agents and this is confirmed in the recent European Society of Medical Oncology guidelines [41, 67] .
HU is an effective agent in reducing cell counts and is generally well tolerated with few side effects. There is no randomized controlled trial data which demonstrates a categorical reduction in thrombotic events on this drug. However, retrospective analysis of the ECLAP observational study allowed selection of 1042 patients who received either venesection alone or HU to maintain a haematocrit of less than 45%. Propensity scoring demonstrated a significantly reduced rate of fatal and non-fatal cardiovascular events from 5.8 to 3.0 per 100 person years. The difference was restricted to high risk patients therefore providing some evidence to back up current guidelines [68] .
There is some debate regarding the propensity of HU treated patients towards leukemic transformation. Given the natural history of transformation and the confounding nature of other cytoreductive therapies that patients may have previously been exposed to, there has never been any conclusive proof that HU increases the risk of leukemia [69] .
In ET the role of HU was examined in the PT-1, ANAHYDRET and EXELS studies. ANAHYDRET demonstrated non-inferiority of anagrelide in comparison to HU [70] . The other two studies demonstrated a reduction in arterial thrombosis rate but an increase in venous thrombosis in patients treated with HU in comparison to patients treated with anagrelide [34, 71] . Anagrelide works specifically to reduce platelet counts by inhibiting megakaryocyte maturation. It has an equivalent effect to HU in reduction of the platelet count and is recommended as an option in ET where patients have failed on or been intolerant of HU [41, 42, 67] .
Interferon Alpha therapy is an additional effective agent for cytoreductive therapy. Pegylated formulations of the drug appear to have better tolerability than the conventional formulations. Although there are no published data on the ability of these agents to reduce the rate of thrombosis it has been shown that they can bring about hematological remission and a reduction in the JAK2V617F allele burden [72, 73] . This response may be dependent on the presence of additional driver mutations such as TET2 which appears to negatively affect the rate of complete molecular remission. The more widespread availability of genomic sequencing alongside further studies into the response to these agents may help to identify sub groups of patients who would gain the most benefit. In current guidance Interferon alpha finds a role in the younger patient as a first line cytoreduction agent as this agent is deemed to be non leukemogenic [41, 42, 63] .
With extreme thrombocytosis in an emergency situation thrombocytopheresis could be considered. In most situations urgent cytoreductive therapies are what is needed but there may be individual cases where thrombocytophersis should be considered as a possible therapeutic option [74] .
JAK inhibition
The impact of JAK inhibition to reduce the rate of thrombosis independent of other factors has not yet been categorically demonstrated. The RESPONSE trial compared Ruxolitinib to best available therapy in PV patients resistant to or intolerant of HU. Patients all took low dose aspirin and had mandatory venesection defined by Hct readings. The rate of thromboembolic events in the ruxoloitinib arm was lower than expected in this high-risk population [25] .
Ruxolitinib has demonstrated a small but significant reduction in JAK2 V617F allele burden in PV/ET and MF patients [75, 76, 77] ]. As for Interferon alpha therapy, whether this reduction in allele burden correlates to a reduction in thrombosis risk is as yet unclear. This is important to establish going forward.
Other Modifiable Risk Factors
The role of conventional modifiable cardiovascular risk factors in the general population must also be addressed in the MPN population. All relevant guidelines highlight the role of aggressive management of conventional cardiovascular risk factors [41, 42, 63, 67] . Smoking cessation advise and support through relevant local services are essential. Good diabetic control, lipid monitoring and appropriate use of lipid lowering therapy and blood pressure control will all form part of the holistic care of the MPN patient.
There is also recent interest in the role of ACE inhibitors in the prevention of erythrocytosis. They have a defined role in the management of post renal transplant erythrocytosis [77] . A retrospective analysis of the ECLAP observational cohort revealed that patients using ACE inhibitors were treated significantly less frequently with chemotherapy in comparison to those treated with alternative antihypertensives [61] . Prospective studies looking into rates of thrombosis, alongside the requirement for therapy would be required before advise to preferentially prescribe ACE inhibitors for blood pressure control could be made.
Anticoagulation
Where venous thromboembolism occurs there is a clear indication for anticoagulation rather than anti-platelet medication in the MPN population as for the general population. Anti-platelet medication used concurrently with anti-coagulation is associated with a significantly elevated bleed risk and therefore should only be considered with caution. Atrial fibrillation (AF) should also be anticoagulated in line with current guidelines.
Traditionally low molecular weight heparin and oral vitamin K antagonists have been used for the purposes of anticoagulation Within the last decade the arrival of factor Xa and direct thrombin inhibitors classed together as novel oral anticoagulants (NOACs) have made a major impact on anticoagulation within the general population. NOACs have demonstrated non-inferiority to warfarin for stroke prophylaxis in AF and in the treatment of venous thromboembolic events [79, 80] .These agents have not been evaluated prospectively in the setting of MPN and these medications are not routinely used in the prevention or treatment of VTE in other malignant neoplastic disorders. A small observational study has suggested that the rate of hemorrhagic events in 25 MPN patients treated with NOACs for either VTE or stroke prophylaxis in AF does not differ significantly from a case control population treated with Aspirin [81] . A prospective trial demonstrating non-inferiority to current therapeutic strategy is required to recommend routine prescribing.
Opinions on the management of thrombosis in MPN patients are heterogeneous [82] , However, currently, there are no true disease modifying agents and therefore as the acquired clone remains MPN must be considered a permanent risk factor for thrombosis and thus anticoagulation should be continued indefinitely unless risk outweighs benefit. SVT often presents unique challenges with regards to anticoagulation and is discussed in more detail below.
Hemorrhage
Hemorrhagic complications of MPNs are not infrequent. They range from minor bleeding events to major fatal hemorrhage. A recent prospective observational study of German MPN patients showed that in contrast to the peak of thrombotic events occurring at the time of MPN diagnosis, the majority of hemorrhagic events following diagnosis. They suggest this demonstrates that hemorrhage is due to complications of the MPN itself or treatment strategies [83] . There are a number of aetiologies of hemorrhage that have been defined.
There is a paradoxical increased risk of haemorrhage associated with extremes of thrombocytosis. Where the platelet count is above 1000 x 10 9 /l there is a reduction in the quantity of circulating large multimers of von Willebrand's factor due to binding on the platelet surface. This results in an acquired von Willebrand's disease [84] . Use of aspirin or other anti-platelet medications will then further disrupt normal clot formation and can result in significant haemorrhage. Aspirin is commonly avoided when the platelet count exceeds 1500 X 10 9 /l. A platelet count between 1000 and 1500 x 10 9 /l should prompt consideration of von Willebrand factor antigen level and risocetin co-factor activity to exclude acquired von Willebrand's disease prior to initiation of aspirin therapy [85] .
In PMF disruption of normal hematopoiesis can lead to thrombocytopenia which at extreme levels pre-disposes to spontaneous hemorrhage and exaggerates traumatic hemorrhage. Platelet transfusion may be required as prophylaxis at extremes of thrombocytopenia or as a therapeutic intervention during hemorrhage. Disease related splenomegaly and cytoreductive therapies may also cause thrombocytopenia.
The use of anti-platelet agents as therapeutic strategies for the prevention of thromboembolic events has a risk of hemorrhage. Careful attention to the platelet count is required. In the general population a recent prospective cohort study looking at the effect of aspirin on the fatal and nonfatal bleeding in patients receiving the drug for secondary prevention of vascular events showed an increasing annual rate of major haemorrhage from 1.5% in under 65 year olds to 5% for over 85 year olds. There was a similarly higher rate of fatal bleeds as age increased [86] .It is reasonable to presume that this increased risk with age will be also applicable to the MPN population Patients should receive appropriate counselling regarding the risk of hemorrhage and consideration should be given to the use of proton pump inhibitors which have proven benefit in the reduction of gastrointestinal bleeding associated with aspirin.
Anticoagulation with heparin, oral vitamin K antagonists or NOACs are also associated with a higher risk of hemorrhage in any population. In patients with MPN provoked splanchnic vein thrombosis the sequelae of the initial clot include liver cirrhosis, portal hypertension and oesophageal varices.
Resulting synthetic liver failure can impact on clotting factor production resulting in an acquired bleeding diathesis. These patients have both a significant rate of hemorrhage and re-thrombosis. [87] . These patients require a multi-disciplinary input from hepatology and hematology with regular screening and treatment of oesophageal varices, careful evaluation of platelet count and coagulation function. An individual risk profile will help to guide the use of an anticoagulant and this should be regularly reviewed with the patient. Guidelines recommend indefinite anticoagulation for SVT in the presence of an MPN where this is possible [45] .
Special situations

Surgery
Patients with MPN are at have an increased morbidity and mortality when undergoing surgery. This is associated with thromboembolic events which is perhaps not unexpected. However, hemorrhagic complications also occur with increased frequency which may be related to acquired von Willibrand's disease occurring with elevated platelet counts. A retrospective study in Italian patients with PV and ET found a rate of thrombotic events of 7% and the rate of major hemorrhage of 10% after major surgery with an increased risk in those receiving anti-thrombotic prophylaxis [88] . Splenectomy, which may be considered for the management of portal vein thrombosis or transfusion dependent anaemia in MPN is of particular high risk. In one large series of patients undergoing splenectomy with IMF, the operative mortality rate was 9% and the morbidity rate 31% [89] .
There is uncertainty as to the optimal management of surgery in MPN patients as there is a lack of prospective trials. However, in preparation for surgery, control of erythrocytosis and thrombocytosis should be optimised by venesection for erythrocytosis to ensure the HCT is less than 0.45. Myelosuppression should be optimised to reduce the platelet count to below 400 x 10 9 /l. In a low risk patient who routinely does not require myelosuppression consideration should be given to temporary introduction to myelosuppression to control the platelet count for the period of the surgery and the postoperative period. Aspirin should be withheld for 7 days before elective surgery but can be restarted 24 hours after stopping heparin. Low molecular weight heparin at a prophylactic dose is indicated in all patients with MPN undergoing surgery because of the high thrombotic risk. These patients need careful monitoring during and after surgery for both bleeding and thrombotic complications
Pregnancy
The presence of a MPN is a major factor in the prothrombotic condition of pregnancy. In ET, where pregnancies are most common, survey of the literature report success rates (live babies) of 61% and a first trimester abortion rate of 32% [90] . However, in ET the presence of a JAK2 mutation was an independent predictor for complications. The live birth rate in this study was 64% with a relationship between the presence of the JAK2 mutation and fetal loss [91] . Pregnancy and a diagnosis of PV is less common and the literature survey reported a live birth rate in PV of 58% with a spontaneous first trimester abortion rate of 22%. There are very few reports of pregnancy associated with MF which would be predicted to be associated with a high complication rate. A recent prospective study following pregnancies in MPN, mainly ET in 58 pregnancies (56 singleton and 2 twin pregnancies) resulted in 58 live births. The miscarriage rate was 1.7/100 pregnancies. There were no neonatal deaths but 22% were below the 10% centile for growth. This more recent study suggests that MPN pregnancies have better outcomes than perhaps would be anticipated from previous literature [92] .
Pregnancy in MPN is a high-risk situation and requires specialist management by an obstetrician with experience in the care of high-risk pregnancy and haematologist. If possible, a pre-conception planning meeting should take place to discuss risks and plan management of a pregnancy. The pregnancy should be classified as low or high risk, high risk being where there is any factor in the mother (previous thromboembolic event or hemorrhage related to MPN) or previous pregnancy complication which may have been caused by MPN or a platelet count above 1500 x 10 9 /l. All pregnant MPN patients should receive low dose aspirin and prophylactic low molecular weight heparin (LMWH) for 6 weeks postpartum. In PV, the Hct should be reduced with venesection to an Hct in the middle of the gestation appropriate range. Patients should have frequent appointments with full blood picture monitoring and 6 falling to 4 weekly ultrasound scans. Uterine artery doppler scanning should be carried out at 20 and 24 weeks to see if there is a high resistance index and /or bilateral notching. Persistent bilateral notching is an indication of resistance to flow and possible placental dysfunction.
Cytoreductive therapy with interferon alpha should be considered if the clinical situation indicates such as previous history, events indicating placental dysfunction [93] where it appears to be safe in pregnancy and may help to improve pregnancy outcomes. HU may be less toxic than suspected in human pregnancy but should certainly be avoided at the time of conception and in the first trimester at least [94] . Anagrelide should be avoided in pregnancy as it is a small molecule which can cross the placenta and result in thrombocytopenia in the fetus.
The implications of thromboprophylaxis and mode of delivery must be considered. Many anaesthetists prefer aspirin to be discontinued at least week prior to delivery and dosing of LMWH has to be altered for epidural anaesthesia or caesarean section. In the postpartum period, the risk of thromboembolism is highest hence usually LMWH should be considered for 6 weeks.
Cytopenia
Cytopenias occur in MPN because of the disease or as a side effect of treatment. This is true of anemia which can occur from either the disease process itself or other complication. For instance in ET or PV the development of anemia may be an indication that myelofibrosis is developing. This can occur because of the therapy such as HU in ET where the Hb is suppressed as well as the desired reduction in platelet counts the Hb and other cell counts are reduced below the normal range. In such a case the therapy has to be reduced, or interrupted and then an alternate therapy may need to be considered. Patients with MPN particularly PV can become anemic because of iron deficiency. A patient on a venesection programme will become iron deficient as a result of the treatment but these patients can become iron deficient and clinically anemia as a result of blood loss for other reasons. If the patient is markedly anaemia from iron deficiency then iron replacement can be considered but this must be done with great caution as in PV patient the Hct can rise very rapidly leading to the possibility of catastrophic thromboembolic events. If oral iron is given it should be a low dose with very frequent monitoring of the response.
In MF anaemia can arise as part of the progression of the disorder. Many therapies such as erythropoietin stimulating agents (ESA), thalidomide and anabolic steroids have been used and show some responses. With ruxolitinib which is now the first line agent, there is initially a fall in haemoglobin but then some recovery [24] . Despite the fact that ESAs can activate the JAK/STAT, they have been shown to be safe and may be of some effect in the treatment of anemia MF patients in combination with ruxolitinib [95] .
Other cytopenias arise because of disease progression particularly in the case of MF and as side effect of treatment where cytoreduction may need to be reduced stopped or alternate therapy initiated. With thrombocytopenia and MF treated with ruxolitinib there are specific dose reductions depending on the platelet count.
Expert commentary
The MPNs are acquired clonal diseases where there a number of complications which can arise leading to considerable morbidity and in some cases mortality. Treatment has been directed a controlling blood counts and prevention of complications. Following the discovery of the driver mutations, research is now directed at the development of predictive scores for prognosis. As these are refined they have the potential to develop into personal predictions which can be used to guide treatment. This leads to the possibility of true personalised medicine where taking into account all information including increasingly detailed molecular diagnostics in the disease management can be guided. The discovery of the driver mutations and the function of the mutated proteins has led to the development of new therapeutic agents which inhibit the JAK/STAT pathway have been introduced which have proved beneficial in the management of many signs and symptoms. There are suggestions that they also reduce the size of the acquired clone size thereby reducing the burden of disease and may led to improved survival.
Weakness in the work carried out so far are that that these are rare diseases and studies have been carried out in large retrospective cohorts. Results are then used to predict prognosis in for future cohorts. While these predictive models have been validated, so many other factors change in cohorts of patients that validity of predictive models has always to be questioned particularly when applied to individual patients. Predictive models need to be validated in prospective cohorts. It is also disappointing that a number of drugs which have been developed and have come to clinical trial have failed in trials and have not therefore come through to licensed therapeutic options.
The ultimate gaol of therapy has to be elimination of the acquired clone and therefore the disease. In doing this it is assumed that removal of the removal of the clone will result in no disease associated events particularly thromboembolic events. Current management has been directed at treatment of symptoms and prevention of events. However the discovery of the driver mutation clones has led to a different means of treating with the aim of elimination of the clone. More research for better agents is needed and further research into the mechanism of the actions of mutated clones. Even more fundamental questions are also of great relevance. Why do mutated clones arise? What are the factors which lead to this for instance does inflammation play a part in the development of acquired clones?
The main challenge now is to develop safe and effective agents to treat MPNs so that the acquired clone is removed and therefore complications do not arise in other words cure of these acquired diseases. Treatment also needs to be personalised in other words good prognostic information needs to be available so that treatment can be tailored to the individual factors in the patient with a particular disease.
The important issue for patients with MPNs is the wide variety of disabling symptoms from which they suffer. We need better strategies for dealing with or eliminating many of the disabling symptoms which from a patient view may be the main issue rather than cure of the disease.
5 Year view
With the discovery of the driver mutation and patterns of driver mutations, the field of therapeutics for MPN has altered completely. One inhibitor of the JAK/STAT pathway is now in use in routine practice and has had a major impact on the disease burden. A number of other JAK/STAT pathway inhibitors have entered clinical trials but unfortunately most have not made it to clinical licence and use in practice. However, over the next 5 years new targeted agents are likely to enter trials and hopefully proof safe and effective and enter clinical practice. These agents would be directed at reduction in the size of the acquired clone and ultimately its elimination, in other words potential disease cure. Diagnostics particularly molecular diagnostics will develop rapidly. This with scoring systems for predicting prognosis will be refined and validated in prospective cohorts. These will lead to better predictive systems on which treatment decisions can be based leading to more patient personalised therapeutics. It is likely therefore in 5 years that more refined diagnostics and new therapeutic agents will expand and refine treatment options for MPNs.
Key issues
 Symptoms are common in myeloproliferative Neoplasms and can be assessed with tools such as MPN-SAF TSS  Fatigue and pruritus can cause major disability  A variety of therapies may be effective for relief of pruritus  Ruxolitinib inhibits the JAK/STAT pathway and reliefs symptoms  Thrombotic events can be treated with anti-platelet agents anticoagulants and cytoreduction  Hemorrhage is associated with extremely elevated platelet counts  Surgery is associated with increased risk of events and requires specific management  Pregnancy is associated with increased events and requires risk assessment and individualised treatment regimens  Anemia may be a side effect of treatment but may require specific therapy
